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Abstract 
In this paper the overall performance of the solar-powered ejector air-conditioning system, using pentane (R601) and 
hexane (R602) as a refrigerants, is presented. The modeling process and the efficiency of solar vapor generator 
(SVG) were shown. The effects of condenser and generator temperatures were examined. Simulation results indicated 
that condensing temperature had a strong influence on the ejector’s performance. Maximum overall systems’ value of 
COP, obtained for refrigerants R601 and R602, were 0.1 and 0.5, respectively, at Te=12°C, Tc=30°C, and G=800 
W·m-2. Generator temperatures were 100–190°C for pentane and 100–200°C for hexane. 
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1. Introduction 
Solar cooling is one of the most developed technologies in the field of solar systems. The solar-
powered ejector cooling system could constitute an alternative for other solar systems, although the 
coefficient of performance (COP) of an ejectors is not as high as for example in solar-absorption systems. 
Still, much research is conducted to optimize and improve such systems. As the ejector cooling cycle is 
already working at a driving temperature of around 70–80°C, it could easily be combined with any type 
of solar collectors. 
Ejector refrigeration system is based on three levels of pressure and temperature. 
In this system, working in the air conditioning setup, an ejector has a role similar to a piston compressor 
in conventional refrigeration appliances performing Linde cycle. Its purpose is to force the refrigerant 
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circuit in the system due to the formation of pressure difference in a suction chamber. The use of ejector 
as a replacement for electrical compressor significantly reduces power consumption, making the device 
more environmentally friendly. Furthermore, the elimination of moving parts from the system results in  
a greater operation range of working medium, which otherwise is limited by oil decomposition 
temperature in conventional compressor cooling unit. Figure 1 shows a schematic view of solar-powered 
ejector cooling system. 
 
Nomenclature 
g acceleration due to gravity [m·s-1]   q specific heat [W·m-2] 
G total solar irradiance [W·m-2]   Q thermal capacity [W] 
h heat transfer coefficient [W·m-2·K-1]  T, t temperature [K, °C]  
i enthalpy [J·kg-1]     U velocity [m·s-1] 
ilg  latent heat of vaporization [J·kg-1]   W energy consumption [W] 
k thermal conductivity [W·m-1·K-1] 
Greek Symbols 
α absorptance [-]     ρ density [kg·m-3] 
η efficiency [-]     σ surface tension [N·m-1] 
λH wavelength for Helmholtz instability [m]  τ transmittance [-] 
μ viscosity [N·s·m-2]    ω entrainment ratio [-] 
Subscripts 
a ambient      g gas (vapour) or generating 
abs absorbed or absorber    l liquid  
c condensing     sat saturation  
e evaporating     us useful  
eje ejector      w wall 
 
Ejector is powered by a high-pressure vapor (point 1 in Figure 1), generated in a solar vapor generator 
(SVG). Primary vapor is directed to an ejector nozzle, in which, due to cross-section’s change, it is 
expanded reaching low pressure and supersonic speed. Pressure reduction inside the suction chamber 
causes the entrainment of secondary vapor from an evaporator (point 2). As a result of momentum 
exchange, both streams are mixed within a mixing chamber - the ejector’s part with a constant cross-
section area. The last element of the ejector is a diffuser, which decelerates the speed of mixed streams 
while increasing the pressure up to the level of condensing pressure. Compressed refrigerant vapor stream 
leaves the ejector (point 3) and goes to the condenser. There, the vapor is condensed and as liquid (point 
4) it is partly transported through the pump to SVG (point 5), and the remaining part flows to the 
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Fig. 1. Schematic view of solar-powered ejector system  
evaporator (point 6), prior to which expansion valve is located to reduce fluid pressure and thereby 
providing the cooling effect. 
Considerations about the solar ejector refrigeration system, working with synthetic refrigerants and 
water as a refrigerant, are generally known. Alexis and Karayiannis [1] analyzed the performance of 
ejector cooling system driven by solar energy, with R134a as a working fluid in area of Athens. One 
revealed that COP of the overall system varied from 0.014 to 0.101, with operation conditions as follow: 
generator temperature 72–82°C, condenser temperature 32–40°C, evaporator temperature -10–0°C, and 
total solar radiance 536–838 W·m-2. Ersoy et al. [2] also examined the performance of solar ejector 
refrigeration system (SERS) in the southern region of Turkey, with the use of refrigerant R123. Maximum 
overall COP reached 0.197 and monthly average COPo was 0.167, when generator, condenser, and 
evaporator temperatures were 85°C, 30°C and 12°C, respectively. Both studies have shown that COP 
highly depends on evaporating and condensing temperatures. Guo and Shen [3] investigated a lumped 
method combined with a dynamic model in order to predict the performance of SERS in Shanghai, China. 
Their analyses was carried out for R134a during office working time (9.00 am – 5.00 pm) and average 
COPo equal to 0.48 was obtained. One of the major conclusions stated that, comparing to traditional 
compressor air conditioner, SERS can save more than 75% of electric energy consumed to ensure thermal 
comfort conditions. 
Hydrocarbon fluids are generally considered as environmental benign. They have zero ODP and  
a negligible GWP impact. These refrigerants are also characterized by a high latent heat of vaporization, 
several times higher than in the case of halogenated refrigerants, and low operation pressure in generator 
temperature, decreasing the pump energy consumption (W). 
The main drawback is the fact that they are combustible, but safety standards are still changing. 
Nowadays, a lot of household refrigerators and heat pumps work with propane (R290), butane (R600), 
and iso-butane (R600a). In the field of ejector devices, there were some papers describing a design 
process and performance of ejector refrigeration systems using mentioned hydrocarbon refrigerants [4-7]. 
However, there was no study conducted to determine the efficiency of the solar driven ejector air-
conditioning system using hydrocarbons heavier than butane as a working fluid. Heavier hydrocarbons 
are classified as dry fluids that have a positive slope of the saturated vapor line in the T-s diagram.  
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Thus the risk of partial condensation, when the primary vapor passes through the main nozzle of the 
ejector, is minimized.  
In this study n-pentane (R601) and n-hexane (R602) are considered as refrigerants in the solar-
powered ejector air-conditioning system. 
2. Design of the solar-powered ejector air-conditioning system 
 The overall coefficient of performance (COPo) of the considered solar system may be determined by 
the equation 
ejeSVGo COPCOP  K   (1) 
where COPeje in determined operation conditions may be calculated as 
WQ
Q
COP
SVG
e
eje    (2) 
However, due to a negligible pump energy consumption (W) in comparison to SVG, the above equation 
can be simplified as 
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where ω is the ejector entrainment ratio (amount of secondary mass flow to primary mass flow). 
In the following part of this paper the cooperation between SVG and ejector cooling cycle will be 
presented. Performance characteristics of both thermal driving and ejector cooling cycle have been 
determined in order to define the overall coefficient of performance. 
2.1. Solar vapor generator computational model 
Solar vapor generator (SVG) was assumed as a driving device of the solar-powered ejector air-
conditioning system. The process of refrigerant’s boiling occurred inside this device.  
Table 1. Geometrical and physical parameters of SVG 
Parameter Unit Value 
Solar irradiance W·m-2 800 
Tube outer diameter m 0.01 
Tube inner diameter m 0.008 
Tube pitch m 0.2 
Absorber plate thickness m 0.0004 
Transmittance-absorptance product - 0.88 
Absorber material  - Cu 
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Therefore, there was no temperature increase along the heat exchanger, which is the main distinction 
between SVG and a classical solar collector. Selected geometrical and physical assumptions regarding 
SVG are presented in Table 1. To exclude the efficiency characteristics of SVG, the refrigerant saturation 
temperature was set, ranging from 100 to 200°C. The constant value of solar irradiation was assumed. For 
the weather conditions of Wrocław, Poland, the value of 800 W·m-2 was presumed.  Figure 2 shows  
a block diagram of the calculation algorithm of a solar vapor generator. 
 
 
Fig. 2. Block diagram of SVG computational model 
In order to determine the useful specific heat transferred from the absorber surface to the boiling 
refrigerant, it was necessary to determine the heat transfer coefficient in the forced convective boiling in 
SVG channels. For this purpose, the equation of Bromley [8] was used. However, in this case the 
Helmholtz wavelength instability λH was used as a length scale, in accordance with Leonard et al. [9]. The 
heat transfer coefficient is given by 
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and the λH is as follows 
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Figure 3 shows the SVG efficiencies. The curves were plotted for a fixed ambient temperature 
established on 30°C. As expected, the efficiencies of energy conversion in SVG decrease with increasing 
primary vapor temperature (and absorber temperature as well). The efficiencies have a form of  
polynomials: 
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Fig. 3. Efficiency characteristics of SVG for various primary vapor temperatures for n-pentane and n-hexane 
2.2. Ejector design and performance 
A computer software named an EFRI (Ejector Environmentally Friendly Refrigerant Investigation), 
based on the 1-D ejector theory developed by Huang et al. [10], was prepared. Thermodynamic properties 
of working fluids were obtained from the package REFPROP v9.0 [11].  
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The diameter of the primary nozzle was established as equal to 1 mm. The rest of the ejector’s 
geometry was calculated according to model demands. The efficiency coefficients were assumed as 
reported by Huang: 0.95 of primary nozzle, 0.85 of secondary nozzle, 0.88 of primary flow arbitrary 
coefficient efficiency. The value of frictional loss coefficient had the most important influence on the 
model’s result. This factor was calculated as a relation of A3/At and its value ranged from 0.86 to 0.96, 
wherein the upper values were obtained with the decreasing A3/At ratio. 
Assumed temperatures of the ejector system were: in the evaporator +10°C, in the condenser +30°C 
(in terms of water-cooled condenser) or +40°C (in terms of ambient air-cooled condenser) and in the SVG 
within the range of +100 to +190 (200)°C. Due to a positive slope of saturated vapor line in the T-s 
diagram for n-pentane and n-hexane, there was no superheating applied to primary vapor. 
3. Overall system performances 
3.1. n-pentane (R601) 
 
 
Fig. 4. Ejector cooling cycle collaboration with SVG in a wide range of driving temperatures for n-pentane (R601) at te= 12°C and 
tc= 30/40°C (upper/lower graph). 
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Figure 4 shows the ejector and overall performance characteristics obtained for n-pentane. Graphs 
were created for two condensation temperature levels. It can be seen that the condensing temperature 
significantly affects the efficiency of the ejector cooling sub cycle (black curves). In this temperature the 
decrease by 10K causes an increase of COPeje value, which is more significant at lower primary vapor 
temperatures. The obtained maximum values of COPeje for condensing temperatures, equal to +30°C and 
+40°C, were 0.672 and 0.339, respectively.It is also shown that the value of COPeje increases smoothly 
with the increase of primary vapor temperature.  
The lines indicating COPo of considered solar-powered ejector air-conditioning system were also 
shown in Figure 4 (blue curves). The values of COPo max, obtained for condensing temperatures equal to 
+30°C and +40°C, were 0.422 and 0.185, respectively. The analysis of diagrams shows that point of 
COPo max moves to the left with decreasing condensation temperature, towards the lower value of primary 
vapor temperature. Thus, the determination of optimal operating point of the system depends on assumed 
condenser and evaporator conditions. Although this work does not present the effect of evaporating 
temperature on the value of COPo, it is always desirable to assume its value as high as possible because it  
 
 
 
Fig. 5. Ejector cooling cycle collaboration with SVG in a wide range of driving temperatures for n-hexane (R602) at te= 12°C and 
tc= 30/40°C (upper/lower graph). 
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improves the value of COPeje. It should be noted, however, that the range of tg, in which the values of 
COPo ≥ 0.9·COPo max were 105–165°C and 135–190°C for condensing temperatures of +30°C and +40°C, 
respectively. Thus, it is not necessary to maintain the primary vapor temperature strict in one specific 
operation point, since the fluctuations do not cause drastic reduction in the system efficiency. 
3.2. n-hexane (R602) 
Figure 5 shows ejector performance characteristics obtained for n-hexane. Similar to the case of  
n-pentane, graphs were created for two condensation temperature levels. The value of COPeje were 0.664 
and 0.314, while COPo max reached 0.385 and 0.148 for tc equal to +30°C and +40°C, respectively.  
Similarly, the effect of primary vapor temperature was meager, and the extents, where COPo values 
ranged from 90–100% of COPo max were 110–175°C and 145–200°C, depending on the assumed tc. 
Figures 4 and 5 show, that the use of water-cooled condenser brings measurable benefits. For both  
n-pentane and n-hexane, the reducing of condensation temperature of 10K allows to double the overall 
coefficient of performance of the system with the simultaneous primary vapor temperature’s decrease at 
the level of 30K. 
Cooling capacities of the system, calculated by the EFRI, were 1 kW and 0.73 kW, for condensing 
temperatures equal to +30°C and +40°C, respectively, while applying refrigerant R601 at points of  
COPo max, and in assumed conditions. The decline of condensing temperature significantly reduced the 
input power of SVG, which was about 1.6 kW for condensing temperature of +30°C, while for the 
temperature of +40°C it was higher than 2.3 kW. Cooling capacities obtained for refrigerant R602 in this 
point of COPo max were about half of the ones for R601.  
4. Conclusions 
The overall coefficient of performance of the solar-powered ejector air-conditioning system is 
influenced by operation temperatures where condensation temperature has a stronger effect than generator 
temperature. The system operates more efficiently at higher evaporation temperature. For best simulation 
conditions, the values of COPo max were about 0.422 and 0.385, for n-pentane (R601) and n-hexane 
(R602), respectively. The use of n-pentane provides higher cooling capacity with the same system 
settings and geometry of the ejector. 
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